Since Way in 1850 (ref. 15) demonstrated that soils are able to retain soluble phosphate, the problem of the sorption of phosphate by soils and soil constituents has been dealt by a great number of scientific papers. Generally, these works confirm the early results. They give, however, a somewhat confusing picture regarding the reactions involved.
about pH 2-3; owing to the higher content of iron, aluminum and calcium in the fen peat, the fixation of phosphate by this group is higher than that by the bog peats. McCool (9) noted that the capacity of peat and muck soils to take up phosphorus increased with the mineral content and the degree of decomposition. Verhoeven (14) maintains that the retention of phosphate by irreversibly shrinking peat soils primarily depends on the mobile iron content of the soils. Larsen (8) found a positive correlation between the sesquioxide content of organic soils and their phosphate fixing capacity.
Obviously, the retention of phosphate by peat soils may be connected with several factors. In the present paper an attempt is made to study the capacity of Finnish virgin peat soils to retain phosphate and the factors on which this capacity depends.
There is no generally accepted way to determine the phosphate -sorption capacity of a soil. It is a quantity which varies with the ratio of soil to phosphate solution and with the phosphorus concentration of the solution. Other ions present also exert their effect, likewise the acidity, temperature, and time of connection. Therefore, one is compelled to choose a more or less conventional method which gives values that, at least, are correlated with the phosphate fixing capacity of the soil. Russel and Prescott (13) already found that the relationship between the amount of phosphate sorbed and the corresponding equilibrium concentration of phosphate in experiments generally comply with the Freundlich adsorption isotherm. Recently Olsen and Watanabe (10) and Rennie and McKercher (12) have emphasized the applicability of the Langmuir isotherm to the estimation of phosphate retention by soils.
In this study the coefficient k in the Freundlich adsorption equation y = k X c n was taken to characterize the retention of phosphate by the peat samples (y = the amount of P adsorbed, mg/kg of soil, c = the equilibrium concentration of phosphorus in the solution mg/1, n = a constant). According to Russell and Prescott (13) k »represents the tenacity with which the soil keeps its phosphate or the reluctance with which the soil parts with its phosphate under the conditions of the experiment». The factors the effect of which on the value of k was studied in the present work were the degree of humification and the acidity of the peat, the sampling depth, the amount of extractable calcium, and the amounts of iron and aluminum soluble in diluted hydrochloric acid.
Material and methods
The material of the present study consisted of 134 peat samples collected from different layers of virgin peat lands.
The samples were air-dried and ground in a Wiley mill. The methods used for the determination of the degree of decomposition (H), the weight of volume, pH, and the content of extractable calcium are described in previous papers (4, 5) .
The »exchangeable» phosphorus was extracted by an alkali solution 0.1 N with respect to potassium hydroxide and potassium carbonate. The ratio of soil to solution was 1 : 100, and the shaking time was 2 + 4 hours in two consecutive days. The inorganic phosphorus in the solution was determined after the precipitation of the organic matter by sulphuric acid.
The coefficient k in the Freundlich adsorption equation was calculated on the basis of data for removal of phosphorus by 5 grams of peat from 100 ml of KH 2 P0 4 -solution containing phosphorus 15.5 mg/1 and 155.0 mg/1, respectively. The suspensions were heated on a boiling water-bath for two hours in two consecutive days. The values of »exchangeable» phosphorus were used in the calculations to represent the native sorbed phosphate.
Iron and aluminum were extracted from 2 g-samples with 100 ml of 0.1 N HCI by shaking for one hour. The iron dissolved was determined by the method of Kumin (7) . The aluminum content of the extract was estimated by the Aluminon method in which the disturbing effect of iron was eliminated by hydroxylamine hydrochloride. Table 2 which also contains the corresponding standard deviations.
Owing to one sample (number 76) taken from the depth of [60] [61] [62] dm, the average sampling depth is somewhat higher in the SCp-group than in the other ones. Without sample 76, the mean sampling depth in this group is 3.8 dm. Both the average degree of decomposition, H, and the weight of volume appear to be lower in the group of Sp and CSp than in the other groups. Also the members of the former group tend to be more acid and contain less samples with a high content of extractable calcium than the other ones do. The data for the »exchangeable» phosphorus are low in all the samples which, of course, is connected with the low content of inorganic phosphorus in Finnish uncultivated peat soils. In a previous work the author (4) The phosphate retention capacity of these peat samples, as characterized by the coefficient k, appears to be most closely connected with the content of acidsoluble aluminum. Also the association with the acid-soluble iron is quite marked, but the extractable calcium or the acidity apparently do not play any important role in the phosphate retention under the conditions of the experiment. There may be some connection with the degree of humification, represented by the Hvalues and the weights of volume, but the sampling depth is probably only of a minor importance.
The association of the k values with the amounts of soluble aluminum and iron, and the degree of decomposition (H) was further studied by calculating the partial correlation coefficients in which the effect of each variable was isolated from the effects of the other variables. The elimination of the effect of the soluble iron or the degree of decomposition does not to any noteworthy degree change the correlation between k and soluble aluminum: the respective partial correlation coefficients are r kA i;Fe 
Summary
The factors on which the retention of phosphorus by peat depends were studied on the basis of a material of 134 virgin peat samples. The coefficient k in the Freundlich adsorption isotherm y = kc n was used as an indicator of the phosphate sorption. The association of k with the sampling depth, the degree of decomposition, weight of volume, pH, extractable calcium, and the iron and aluminum dissolved by 0.1 N hydrochloric acid was treated.
The acid-soluble aluminum gave with k a highly significant correlation which did not decrease when the effects of acid-soluble iron and the degree of humification were eliminated. The correlation between k and the acid-soluble iron was also highly significant although less close than the former association, and it was to some extent lowered by the elimination of the effect of aluminum. The fairly low, although statistically significant correlation between k and the degree of humification as expressed by the degree of decomposition or by the volume weight disappeared when the effect of aluminum was isolated. In the present material the sampling depth, pH and the content of extractable calcium did not give any significant correlation with k.
As far as these results are valid under natural conditions, aluminum appears to play a more important role in the phosphorus sorption of peat soils than iron does.
Todettiin, että aluminiumin ja k:n välillä vallitsi erittäin voimakas korrelaatio, joka ei heikentynyt, kun raudan tai maatumisasteen vaikutus eliminoitiin. Myös k:n ja raudan välinen korrelaatio oli verraten voimakas, joskin huomattavasti matalampi kuin edellinen, Aluminiumin vaikutuksen eliminointi heikensi jonkin verran k:n ja raudan välistä riippuvuutta ja hävitti kokonaan heikohkon korrelaation k:n ja maatumisasteen väliltä. Näytteenottosyvyys, pH ja kalsiumin pitoisuus eivät tämän aineiston perusteella vaikuta turpeen fosforin pidätyskykyyn.
Mikäli näitä ilmakuivia näytteitä käyttäen saatuja tuloksia voidaan soveltaa luonnon olosuhteisiin, näyttää aluminium yhdisteineen olevan myös turvemaissa tärkeämpi fosforin pidättäjä kuin rauta.
